To investigate the effect of renal denervation (RDN) on the blood pressure, left ventricular hypertrophy and myocardial expression of TLR4/NF-κB in spontaneously hypertensive rats (SHR). METHODS: A total of 36 SHR were randomly assigned into control group (D0), RDN group (D) and sham group (S). 12 WKY rats of same age served as controls (WKY group). Rats in the D0 and WKY groups were sacrificed, but rats in the D and S group were sacrificed at one week and six weeks after surgery. The heart was collected and the left ventricle weighted followed by calculation of left ventricular mass index (LVMI). RESULTS: In the D0 group, the blood pressure, LVMI and protein expression of TLR4, NF-κB, TNF-α and IL-6 in the myocardium were markedly higher than that in the WKY group (p<0.05). In the D1 and D2 group, the LVMI, NE and protein expression of TLR4, NF-κB, TNF-α and IL-6 in the myocardium were significantly reduced (p<0.05). CONCLUSION: Renal denervation can significantly delay the progression of left ventricular hypertrophy in spontaneously hypertensive rats, which may be attributed to the not only the suppression of sympathetic activity and attenuation of pressure load but the improvement of myocardial immuno-inflammation. Key words: Denervation. Kidney. Hypertrophy, Left Ventricular. Toll-Like Receptor 4. Ventricular Remodeling. Norepinephrine. Rats.
Introduction
Left ventricular hypertrophy (LVH) is one of common consequence of hypertension and studies have demonstrated that hyperactivity of sympathetic nervous system and immune/ inflammatory response play important role in the occurrence and development of LVH 1, 2 . LVH has been found to be an independent risk factor of cardiovascular and cerebrovascular events 3 . To improve the prognosis of hypertension requires the reversion of LVH. Animal experiments showed inhibition of sympathetic nerves could confer protective effect on the damage to organs due to chronic excessive activation of sympathetic nerves 4, 5 . Krum et al. 6 performed percutaneous renal artery ablation in the treatment of refractory hypertension. Their results showed the reduction of blood pressure was usually accompanied by the decrease in left ventricle mass. This suggests renal denervation can delay or even reverse the hypertension induced target organ damage, but the specific mechanism is still poorly understood. In the present study, renal denervation (RDN) was done in spontaneously hypertensive rats (SHR) and the blood pressure, left ventricular mass index (LVMI) and expression of TLR4, NF-κB, TNF-α and IL-6 in the myocardium were determined before and after RDN and the potential mechanism underlying the protective effect of RDN on LVH was explored.
Methods
The use of laboratory animals followed the Council for
International Organization of Medical Sciences (CIOMS) ethical code for animal experimentation and was approved by the Ethics Committee of Central South University.
SHRs (n=36) and age matched WKY rats (n=12) weighing 240~280g were purchased from the Beijing Vitalriver Co., Ltd. Animals were housed until they were aged 12 weeks.
Rabbit anti-rat TLR4 monoclonal antibody, rabbit anti-rat NF-κB P65 monoclonal antibody (SantaCruz), rabbit anti-rat TNF-α polyclonal antibody, rabbit anti-rat IL-6 polyclonal antibody (Wuhan Boster Biotech Co., Ltd) and goat anti-rabbit IgG (Proteintech, USA) were used in the present study.
Grouping
SHRs (n=36) were randomly assigned into control group (D0 group), surgery group (D group) and sham group (S group).
The age matched WKY rats (n=12) served as controls (WKY group). Animals were housed until they were aged 12 weeks. Rats in the D0 group and WKY group were sacrificed. At one week after surgery, rats in the D1 group and S1 group were killed; at six weeks after surgery, rats in the D2 group and S2 group were killed.
Six rats were sacrificed at each time point in each group and the heart and kidney was collected for use.
RDN procedure
Rats were anesthetized intraperitoneally with chloral hydrate at 25 mg/kg. After sterilization, a midline incision was made in the abdomen followed by exposure of subcutaneous tissues and the kidneys. The ureters and the arteries, veins and nerves in the sheath were observed. After stripping the arterial/venous sheath, the renal nerve was exposed followed by denervation under a microscope (25x). Then, the 10% phenol in 95% ethanol was used to treat the tissues surrounding the veins. In the sham group, laparotomy was performed and sympathetic nerve was exposed and treated with normal saline. Then, the wound was closed and rats were allowed to wake spontaneously. Within three days after surgery, intraperitoneal injection of 16U of penicillin was performed for prevention of infection.
Measurement of blood pressure
Non-invasive blood pressure measuring instrument was used to measure the blood pressure at the tail artery. At room temperature, the rest rats were fixed on a table and the balloon of measuring instrument was inserted into the proximal end of tail artery and the pulse transducer was placed in the balloon. Then, the temperature was increased to 39 aiming to completely dilate the tail artery. The other end of the instrument was connected to a computer via a 4-Channel Dynamic Signal Acquisition system.
When the signals became stable, the balloon was inflated until the pulse signal became a straight line followed by deflation. When the pulse signals formed regular waves, the blood pressure was calculated spontaneously. Blood pressure was measured once every 3 min for three times and the mean was calculated.
Measurement of LVMI
After killing the rats, the heart was collected and the major blood vessels, atriums and right ventricle were separated along the atrioventricular junction. The tissues were washed completely with pre-cooled PBS and the residual water was removed. Then, the left ventricle (including ventricular septum) was weighed and the ratio of left ventricle to body weight was calculated as LVMI.
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Measurement of norepinephrine in kidney
The kidney was collected from each rat and highperformance liquid chromatography coupled with electrochemical detection (HPLC -ECD) was performed to measure the norepinephrine (NE) in the kidney. In brief, the kidney was homogenized in 5% perchloric acid followed by centrifugation at 15000 r/min at 4ºC for 10 min. The supernatant (20μl) was collected for detection. External standard method was employed for quantification, and the NE content was calculated according to the regression equation.
Detection of TLR4, TNF-α and IL-6 expression in myocardium by immunohistochemsitry
SABC was performed for immunohistochemsitry. In brief, the myocardium was processed and embedded in paraffin 
Detection of protein expression of TLR4, NF-κB, TNF-α and IL-6 in myocardium by western blot assay
For the detection of TLR4, TNF-α and IL-6, the rat myocardium was homogenized and lysed in RIPA lysis buffer followed by extraction of total protein. For the detection of NF-κB, the nuclear protein was extracted from the myocardial cells with Nuclear Extraction Kit. Proteins were subjected to SDS-PAGE for separation and then transferred onto PVDF membranes which were then blocked in 5% non-fat milk in TBST for 1 h.
Then, the membranes were treated with primary antibody (1:1000) at 4 overnight. β-actin served as an internal reference. Then, the membranes were washed in TBS and treated with HRP conjugated secondary antibody (1:3000; Proteintech) for 45-60 min. After washing in TBS, visualization was done with ECL reagents. The bands were scanned and analyzed with Quantity One software.
The expression of target genes was normalized to that of β-actin as the relative expression.
Statistical analysis
SPSS version 16.0 was employed for statistical analysis.
Data were expressed as mean ± standard deviation ( s x ± ). Means among different groups were compared with LSD test, and Twovariable linear regression analysis was employed for correlation analysis. A value of p<0.05 was considered statistically significant.
Results

General data
There were no significant differences in the heart rate and body weight among WKY group, D0 group, surgery group and sham group (p>0.05).
Changes in SBP, DBP and LVMI in different groups
In the D0 group, the SBP, DBP and LVMI were markedly higher than those in the WKY group (p<0.05). In the D1 group, the SBP, DBP and LVMI were significantly lower than those in the D0 group and S1 group (p<0.05). In the D2 group, the SBP and DBP increased as compared to the D1 group but was comparable to that in the D0 group and S2 group (p>0.05). The LVMI in the D2 group was increased when compared with the D0 group but still markedly lower than that in the S2 group (p<0.05) ( Table 1) . 
Immunohistochemsitry for TLR4, TNF-α and IL-6
Results showed the expression of TLR4, TNF-α and IL-6 in the myocardium increased in SHR over age. In the SHR undergoing RDN, the expression of TLR4, TNF-α and IL-6 was lower than that in the rats of sham group (Figures 1 to 3 ).
FIGURE 1 -TLR4 expression in the myocardium (200x). TLR4
expression in the myocardium increased in SHR over age (p<0.05: S0 vs S1; S0 vs S2). In the SHR undergoing RDN, the TLR4 expression was markedly lower than that in the rats of sham group (p<0.05: D1 vs S1; D2 vs S2).
FIGURE 2 -IL-6 expression in the myocardium (200x)
. IL-6 expression in the myocardium increased in SHR over age (p<0.05: S0 vs S1; S0 vs S2). In the SHR undergoing RDN, the IL-6 expression was significantly lower than that in the rats of sham group (p<0.05: D1 vs S1; D2 vs S2).
FIGURE 3 -TNF-α expression in the myocardium (200x)
. TNF-α expression in the myocardium increased in SHR over age (p<0.05: S0 vs S1; S0 vs S2). In the SHR undergoing RDN, the TNF-α expression was dramatically lower than that in the rats of sham group (p<0.05: D1 vs S1; D2 vs S2).
Western blot assay for TLR4, NF-κB, TNF-α and IL-6
In the D0 group, the expression of TLR4, NF-κB, TNF-α and IL-6 was markedly higher than that in the WKY group (p<0.05). At one week after surgery, the expression of TLR4, NF-κB, TNF-α and IL-6 in the D1 group were dramatically reduced when compared with D0 group and S1 group (p<0.05). At six weeks after surgery, the expression of TLR4, NF-κB, TNF-α and IL-6 in the D2 group was only slightly higher than that in the D0 group (p>0.05) but markedly lower than that in the S2 group (p<0.05) (Table 2, Figure 4) . In recent years, treatment of hypertension and diseases due to chronic hyperactivity sympathetic nervous system (such as heat failure, hypertension accompanied by impaired glucose tolerance and chronic renal dysfunction) with RDN has been a hot topic in the research [8] [9] [10] . Krum et al. 6 found that RDN not only reduced the blood pressure, but conferred protective effect on hypertension induced LVH, but the mechanism was still unclear. In the present study, RDN was performed in SHRs and results showed the blood pressure and LVMI reduced significantly at one week after surgery, At one week after surgery, the NE in the kidney was markedly reduced as compared to the control group, suggesting complete dennervation, which was consistent with findings of Krum et al. 6 However, at six weeks after surgery, the blood pressure increased again and was comparable to that in the D0 group and sham group although the blood pressure was still slightly lower than that in the D0 group and sham group. The NE increased to a certain extent and returned to nearly normal. This suggests the disconnected nerves regenerate. However, the LVMI in the rats undergoing Previous studies showed the interaction between the nervous system and the immune/inflammatory response 16, 17 . 
Conclusion
Renal denervation can significantly delay the progression of left ventricular hypertrophy in spontaneously hypertensive rats, which may be attributed to the not only the suppression of sympathetic activity and attenuation of pressure load but the improvement of myocardial immuno-inflammation.
